Living in the 'Information Age' means that not only access to information has become easier but also that the distribution of information is more dynamic than ever. Through a large-scale online field experiment, we provide new empirical evidence for the presence of the anchoring bias in people's judgment due to irrational reliance on a piece of information that they are initially given. The comparison of the anchoring stimuli and respective responses across different tasks reveals a positive, yet complex relationship between the anchors and the bias in participants' predictions of the outcomes of events in the future. Participants in the treatment group were equally susceptible to the anchors regardless of their level of engagement, previous performance, or gender. Given the strong and ubiquitous influence of anchors quantified here, we should take great care to closely monitor and regulate the distribution of information online to facilitate less biased decision making.
. Screenshots of two example questions during the experiment on the Play the Future mobile application. The first hint is provided by default. The second hint has been unlocked in the right screenshot.
For the experiment we designed 62 questions (and corresponding hints) to be provided the gamers (see Table 1 for example questions). The subjects who answered our questions were not explicitly recruited to the experiment, and did not know they were part of the experiment. For each question, two hints are provided that contain information regarding the topic of the question. The first hint is always shown, and is identical for all users. The second hint can be unlocked with a 'key'. Keys automatically renew themselves every four hours for all users for free. We tried to ensure our questions (and the hints) were typical of the game, to ensure they played on the app normally, in a real-world setting. The hints provided were accurate values, i.e. while we varied the type of information available to participants, all information provided was correct. The experimental treatment was administered in the second (locked) hint. Participants who only saw the first hint are considered to be in the control group (for more details see Methods). Users who opted to unlock the second hint were randomly assigned to Group A or Group B, who were then provided with the lowest or highest value of a previous outcome ( Table 1) . We then examined how the provision of both low and high anchors (in the form of factual hints) affects the values predicted by the users. If anchoring is effective, we would expect those provided with a high figure, to predict higher values than those who were provided with low figures. In addition to investigating a general anchoring effect of information on decision making, in an additional set of experiments we provided non-factual hints in the form of "<someone> from Play the Future Team's prediction" to compare the size of the anchoring effect induced by "expert's opinion" to the one by pure factual hints. Finally, we build on research on individual differences in susceptibility to anchoring bias (Eroglu & Croxton, 2010) to examine how the bias varies for individual users according to their level of engagement while playing the game, their previous performance, and their gender.
Results

General Anchoring Effect
We asked 42 questions in six different topics over a period of a month. Each question was answered by an average of 219 users, with an average of 58 participants in the treatment condition (i.e. Groups A and B) for each question. The full list of questions and hints is provided in Supplementary Table 1 . The actual results (i.e. the correct answers) have no effect on the experiment or analysis, given they were known and revealed only after the experiment was over. The answer distributions to the questions shown in Table 1 , are shown in Figure 2 . Yuen's test for independent sample means with 15% trimming was applied to all questions to test whether the predictions in the two treatment groups are different from each other. The results indicate that the answer distributions are indeed significantly different (p < 0.01) in all questions except one, which is marginally significant (p = 0.05).
Figure 2.
Distribution of participants' answers depending on group allocation for the two example questions in Table 1 . Provided anchors in each group indicated by dotted lines. Diversity of predictions in the two treatment groups is smaller in the left graph compared to the right.
Eight questions providing irrelevant information in the first hint were included in the experiment as a check to determine whether control group participants are blindly following the values provided in the first hint without questioning their actual relevance for the target outcome (see the questions in Supplementary Table   1 ). If this were the case, it would be inferred that the cognitive effort invested by participants in this game is minimal and that the observed responses are not actually due to anchoring effects but to users' laziness.
The detailed results of this test are provided in Supplementary Figures 1-2 , but in short, it was confirmed that the players of the game, generally pay attention to the relevance of the hint to the question and do not follow the values in the hint blindly.
For 42 standard questions the anchoring stimulus (equation (1)) and the anchoring response (equation (2)) were calculated and shown in Figure 3 .
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(2) AB' CDE'B =   | FGH,I-I-JKG0 /0123 4 5 FGH,I-I-JKG0 /0123 6 |   7 89:;<9= ><9?@   , where, σ is the standard deviation of all the answers in each group. As expected, larger stimulus leads to larger anchoring response, however, after an initial increase in the size of the induced anchoring effect, saturation appears. Figure 2 however reveals that in some cases the diversity of answers in the treatment groups is very small (left panel) whereas in other cases the answers are widely dispersed (right panel). This observation suggests that for some questions the provision of two anchors lead to higher collective prediction certainty when compared to the control group, while for other questions it introduced more doubt about the true value of the likely outcome among the group members.
A closer look at examples shown in
This observation warrants a more systematic analysis of the ratio of the treatment to the control group's standard deviation depending on the size of the provided stimulus. Figure 4 illustrates how the relative group diversity -that is the diversity of answers within each treatment group divided by the diversity of predictions in the control group (equation (3)) -changes with the group stimulus (equation (4)).
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Smaller anchoring stimuli lead to smaller relative group diversity, which means that treatment group users were collectively more certain of their answers compared to the control group for these questions. When the size of the anchoring stimulus increases, the relative group diversity also increases. Based on this observation, we define a new measure of the anchoring bias by normalising the difference between the median answers of the two treatment groups by the average of the standard deviations of the two treatment groups instead of the standard deviation of the control group (equation (5)). The resulting modified response accounts for the participants' collective confidence with regard to their predictions. A small average standard deviation of the two treatment groups is assumed to be indicative of higher certainty of answers among participants since users appear to be in collective agreement regarding the true value of the target. The modified response function is shown in Figure 5 . Medium sized stimuli (2 < x < 5) seem to have caused majority of participants to believe that the anchors might be plausible, resulting in a larger modified response, i.e., larger difference in the answers of the two groups with higher collective confidence in each group. High anchors induce more uncertainty among participants: not all users follow high anchoring stimuli, instead, a growing proportion of participants starts adjusting their predictions to less extreme values, thus increasing the diversity of answers.
"expert-opinion" anchors
By means of substituting the factual information in the second hints by fictitious "Play The Futureprediction" values (which we carefully selected to resemble realistic predictions) in additional 12 questions, we examined how strongly these values impact participants' predictions. The hints of this questions presented as the prediction of a hypothetical member of the Play The Future team. An example is given in Upper panel of Figure 6 shows the size of the anchoring effect versus the anchoring stimulus for 42 standard and 12 PTF-prediction style questions. It becomes immediately apparent that the questions containing PTFprediction values in the treatment hints result in consistently larger responses compared to the standard questions with factual information. Middle panel of Figure 6 shows that not only the medians of treatment groups distributions are moved further with the fictitious hints, but also the relative group diversity tends to be lower for PTF-prediction questions, which is the result of less variation in the treatment groups' answers compared to the control group's predictions. Hence, in the modified response curve is shown in lower panel of Figure 6 we see an even larger amplification of the anchoring effect resulted from the fictions hints. 
Individual analysis
In order to analyse the effect of the anchoring stimulus provided in the experiment on each participant's predictions, the median bias for each user during the experiment was calculated. Firstly, the normalized difference between the user's prediction and the control group's median prediction was computed for each question (equation (6)).
(6) a#L' CBO CLO"#b#CLE" # CBO c%B'"#DE = | d0GH,e.,1f 5 FGH,I-I-JKG0 V1-.01W /0123 | 7 89:;<9= ><9?@ Next, the median bias was calculated per individual user for all questions answered in the control condition and for all questions answered in the treatment condition. A higher individual bias indicates that a certain user's prediction values are further away from the median of the control group's predictions, which may be the result of the influence of the anchoring stimuli.
User engagement: It could be hypothesized that the anchoring effect is stronger in less experienced users.
We therefore tested for a difference between participants who answered less than half of all experimental questions (casual users) and those who made predictions for more than half of the questions ("loyal users").
Results are shown in Supplementary Figure 3 . Focusing on control groups only, we observe that loyal users in the control group seem to make predictions that resemble the median control group's predictions more closely than casual users in the control group (Welch's t-test significant t = 6.986, p < 0.001). The highly engaged users may have concluded that making moderate rather than extreme predictions (if no further information in the form of a second hint is provided) constitutes a relatively successful strategy in this game.
However, among the treatment groups, barely any difference between casual and loyal participants can be detected (Welch's unequal variances t-test insignificant t = 1.448, p = 0.149). This implies that all users regardless of their level of engagement on the app are roughly equally susceptible to the provided anchoring stimuli. Thus, it is concluded that even among high frequency players no 'learning effect' regarding the true purpose of this experiment occurred.
User prior accuracy:
Many of the experiment participants had already played the game and the records of their predictions were available to us. We divided the players into high accuracy and low accuracy groups based on their accuracy score in all the games they had played before our experiment and compared the induced bias for the two groups (see Methods for details).
Considering only control groups, participants who made less accurate predictions before the start of the experiment provided answers that were relatively close to the overall median answer during the experiment ( Supplementary Figure 4) . Previously better performing users made more distinct predictions, potentially because they put less trust in the information provided in the first hint. The results of Welch's t-test indicate that the individual biases in the two control groups are slightly different from each other (t(139.11) = 1.933, p = 0.055), however, this result is statistically significant only at the 0.1-level.
For previously low-performing users in the treatment group, the individual bias seems to be slightly larger compared to the bias observed for previously well-preforming users. This would imply that their answers were slightly more influenced by the anchoring stimuli compared to better performing users. However, Welch's t-test reveals that the visually observed difference is not statistically significant (t(97.99) = -1.443, p = 0.15).
Gender: Finally, we analysed the users based on their gender and compared their cross-group errors (see Supplementary Figure 5 ). Even though Welch's t-test with unequal variances confirms that this difference between males and females in the control condition is indeed significant (t(349.86) = -2.412, p = 0.016) meaning that female users tend to make predictions that are closer to the overall median answer compared to male users in the control conditions, both the visual analysis and Welch's t-test for the same comparison in the treatment condition show that there is no difference among male and female individual biases (t(194.92) = -0.929, p = 0.354). Thus, both sexes appear to be equally susceptible to the anchoring stimuli provided in the treatment condition.
Discussion
Over a period of one month, 549 participants made numeric predictions to over 62 questions pertaining to the outcome of a variety of future events after having been exposed to different numeric anchors. Overall, 13,000 predictions were recorded during the experiment. After defining and applying a consistent normalisation method to the distributions of answers of all questions, the various anchoring stimuli and responses were compiled to form the anchoring response function.
The calculation of the anchoring index (AI) proposed by Jacowitz and Kahneman (1995) 1 results in a mean AI of 0.61 for all questions. This means that participants did not fully accept the presented anchoring stimulus in their predictions (which would be the case if AI = 1) but instead adjusted their predictions to a level of roughly 60 percent of the size of the anchor. This effect is in accordance with the one observed by Jacowitz and Kahneman (1995) , who found a mean AI of 0.49 (with slightly different effects for low and high anchors). This large size of the anchoring index here is likely attributable to the specific nature of the provided anchors: Firstly, the numeric hints usually contained information about the size of the target outcome in the past, making the anchors appear somewhat relevant to the question. Secondly, the anchor value and target outcome were typically provided in the same unit, such as °C, USD, etc. This provides support for Mochon and Frederick's (2013) scale distortion theory, which proposes that anchors are effective when the stimulus and response share the same scale. Here, further research should be conducted by reducing the relevance of the information provided in the hints even further and varying the units.
The relationship between the anchoring stimuli and responses we find advances the result found by Chapman and Johnson (1994) , who suggested that a limit of the anchoring effect exists when stimuli become too extreme. We see a monotonic, yet deaccelerating increase in response curve, and when we modify the measured response by considering the standard deviation of the predictions, we see a decline in the modified response curve. This result is confirmed in the present work by the modified anchoring response function, which resembles the shape of an inverted U. By incorporating the standard deviation of predictions in the treatment groups as a normalisation factor it was observed that larger anchoring stimuli not only translate to larger responses but also lead to higher collective uncertainty among participants. This finding suggests that the limit of the anchoring bias finds expression in a higher variation of participants' answers rather than in a smaller response. The greater diversity of predictions may be explained by both the original anchoring-and-adjustment, and the selective accessibility theory: Participants may have started an insufficient adjustment process from the implausible anchor, or searched for information confirming the value presented in the anchor. The lack of clear evidence for the presence of one of these mechanisms may suggest that both theories are applicable in this case. Further lab experiments could shed more light on this.
On the level of the individual user it was shown that all participants in the treatment groups were equally affected by the anchoring stimuli in their responses. This holds true regardless of participants' level of engagement during the experiment, their previous performance on the app, or their gender.
One of the implications of this study can be in marketing, where the anchoring effect has already been discussed in the context of pricing (Northcraft & Neale, 1987) . Following our results, an optimal pricing strategy might be to first produce a distribution based on prices suggested by a number of different individuals. After cleaning the distribution and removing the outliers, calculate the median and standard deviation of the population, and then opt for a price that is 2-5 standard deviations higher than the median of the distribution. This proposition however needs proper testing through further experimentation.
We must note that our work has a limitation that is mostly due to the experimental design: the anchors provided to the participants in the form of hints had to include relevant information in order to keep users engaged on the app, whereas, Chapman and Johnson (2002) argue that proof for the presence of the anchoring bias is strongest when the information influencing participants' answers is uninformative because subjects had no rational reason to follow that value. The present experiment uses two consecutive anchors that both contain relevant information, however, users have to "pay" to unlock the second hint.
Hence, participants' predictions might be biased towards the treatment hint partly because they implicitly (and irrationally) associate a higher importance with it (endowment effect). In order to counteract this effect as much as possible, the information provided in the second hint in many questions was even less pertinent for answering the searched for target outcome than the first hint, or equally uninformative. Thus, the anchoring bias observed in this experiment is due to overly influential factual information (Chapman & Johnson, 1994) .
A major contribution of this experiment lies in the ecological validity of this research. Not only does the overall setting of the experiment in the form of a mobile application closely resemble a real-world situation in which information is provided by various sources and subsequently processed by the individual, but the various different questions also reflect realistic forecasting decisions.
The fact that the anchoring effect was especially strong for questions in which the anchoring stimuli were labelled as 'PTF-prediction' values constitutes a very important finding of this experiment. This suggests that people's perception of the usefulness or veracity of information can be influenced by the provision of an "authority" label. In an era in which clickbait and fake news are frequently used tools to compete for people's attention and influence their opinions, it is crucial for individuals to understand the strong impact of purposefully (or even unintentionally) set anchors on their perception of certain events: the slogan "We send the EU £350 million a week -let's fund our NHS instead" that was used by the Leave-campaign in Brexit vote in 2016, is a prime example. Further research should investigate whether anchors with the same numerical value that are associated with different sources produce distinct anchoring effects. Moreover,
given the specific experimental platform used in this work, it would also be interesting to determine how information about predictions made by other users on the app influence participants' predictions as part of a 'collective intelligence' experiment in a future work.
Methods
Experimental design
The platform we used for the online field experiment is an application (app) for smartphones called "Play the Future" (PTF), which has been in operation since the beginning of 2016. It is freely available for both Android and iOS devices. 2 Over 300,000 users are currently registered on the app, with around 82,000 monthly active users making numerical predictions regarding the outcomes of various economic, social, sports, entertainment, and other events. For each question two hints are provided that contain relevant information. The first hint is always shown, whereas the second hint can be unlocked with a 'key'. Keys automatically renew themselves for free every four hours so that up to a maximum of three keys are available at any given time.
Participants were not specifically recruited for this experiment; all users who were active on the PTF application during the time period of the experiment (May-June 2018) were treated as participants. The experimental questions were both thematically and structurally very similar to regular PTF questions (apart from the distinction between the two user groups), thus, users were not explicitly notified about taking part in an experiment, which adds to the real-world character of the research. Users were not paid for their participation (the game is free to use); they used the app out of their own volition and could discontinue playing at any point.
The experimental treatment is administered in the second (locked) hint: Its description and content is different for two user groups A and B. By recording each unlocking of the second hint it can precisely be determined which participant was exposed to the treatment and who belongs to the control group on a perquestion basis. Participants who have only seen the first hint are considered to be in the control group. The information provided in the first hint is identical across all users. The second hint reveals either a low or a high value (depending on the group) of the target outcome during a specific time frame. We devised the questions and hints in a way that no experimental group has an advantage over the other group.
The two second hints contain values that are above and below the value shown in the first hint. Ideally, the distance to the medium value is roughly the same for both groups, however, due to the hints containing real-world factual information this was not possible in all cases. While generally, the hints are factually accurate, a number of questions include a fictitious "PTF's prediction" value in the second hint to explore whether users are equally anchored by facts and predictions from unverified sources. Additionally, some questions contain irrelevant information in the hint for the control group in order to test whether that information also serves as an anchor. The current events and factual information for all questions and hints were manually researched by the authors. Please refer to Supplementary Table 1 for a list of all questions.
Out of the six to ten questions that were asked on the app every day, two to four questions were part of the experiment and the remaining questions were regular, non-A/B testing questions designed by the PTF team.
Each question was available for a limited time period of approximately 24 to 48 hours. Within that period users could freely decide whether and when to submit a response, thus, time pressure was minimal. We did not control for whether users gathered additional information (e.g., consulting weather statistics) before making a prediction. Users received an accuracy score and points proportional to that two to four days after the results were in.
At the beginning of the experiment, all the registered users were randomly allocated to two groups A and B and new users were subsequently assigned to one of the two groups. The second hints were designed in a way that each participant would receive a roughly equal number of high and low second hints in 2 The app is currently unavailable in Europe, due to adjustments being made to accommodate the General Data Protection Regulations which took effect on May 25, 2018.
alternating order. Participants decided on a per-question basis whether to unlock the information contained in the second hint or not given their limited number of keys. This self-selection into the treatment or nontreatment condition is characteristic for online field experiments (Parigi, Santana, & Cook, 2017) . As users need to log in to play the game, we could keep track of their actions and the various treatments, as well as their gender and country.
Ethical approval
Ethical approval for this experiment was obtained from the Social Sciences and Humanities Interdivisional
Research Ethics Committee (IDREC) of the University of Oxford (CUREC 2 reference number:
R52154/RE001). The users had agreed to the terms and conditions laid down by PTF upon signing up to the app. Moreover, since the questions in the experiment were in line with previous questions asked on the app, participants could not notice the difference between the experimental and normal setting. At no time were participants exposed to any risks; no deception took place and the questions only pertained to events for which the results will be publicly known and that were appropriate for all ages. As a further precaution, the data collection was kept to an absolute minimum, and any personal information was anonymised by the PTF team before it was released to the researchers for analysis, meaning that no user was individually identifiable.
Participants
Overall, 549 users took part in the experiment by answering at least one of our questions. One third of participants only answered five questions or less. Roughly one quarter of users answered 80 percent of all experimental questions or more. 56% of users identified as female, 41% as male, and 3% did not disclose their gender. Users are predominantly from North America (60% from Canada and 36% from the US).
Data preparation and analysis
Outlier removal and key statistics for each question
The visual inspection of the three answer distributions (control group, group A, group B) showed that all groups contained outlier values. Extreme values can bias a distribution's key statistics so that the calculated and standard deviation are not representative of the data's actual distribution, thus necessitating their exclusion. Data points were classified as outliers and consequently removed if they lay outside the range of median ± 2.5 times the median absolute deviation (MAD).
For subsequent analyses (see below), the median prediction value was calculated for each of the three groups based on the cleaned dataset. Even after removing the most extreme values from the dataset the distributions may still be skewed. Thus, the median rather than the mean prediction serves as a better basis when comparing the various groups because it is more robust to skewness in distributions and therefore representative of participant's collective prediction value in each group (Jacowitz & Kahneman, 1995) .
Curve fitting
The anchoring response curve is the result of plotting a smooth curve through the resulting data points. A non-parametric model relying on local least squares regression (LOESS) was used to create the curve, thus eliminating the need to determine the specific form of the model before fitting (Cleveland & Devlin, 1988; Fox & Weisberg, 2011) . This method is particularly suitable for data exploration. The shaded area around the LOESS curve indicates the 95 percent confidence interval.
Error Index
Users' previous performance on the app is indicated by an error index. The error index is based on the accuracy of the last 10 predictions (or fewer depending on how many times a given user had previously played on the app) before the experiment started. For each of those questions the absolute difference between the user's prediction and the actual result was calculated and normalised by the standard deviation of all predictions for that question according to equation (7) (after having removed extreme answers as described above). Subsequently, the median of all calculated error scores per participant was computed. A lower error score is indicative of a better previous performance. 
BBC Proms
The BBC proms -the world's greatest classical music festival -have begun! The word proms stands for "promenade concerts". These concertsy are informal and inexpensive and the audience stands to listen (promming). How many words will the last tweet tweeted by @bbcproms by end of day Thursday contain?
# words in @bbcproms's last tweet last Thursday: 20 # words in longest tweet during last 10 tweets: 34 # words in shortest tweet during last 10 tweets: 6
